The most dramatic applications of epidemiology to environmental exposures in recent times have been controversial and widely publicized. One thinks of the role of epidemiology at the Love Canal, Three Mile Island and as it relates to Agent Orange. These studies have been aimed primarily at testing the hypothesis of adverse health outcomes as a result of those exposures. The application of epidemiology to exposures from hazardous waste sites is particularly problematic because the sample size is usually too small to demonstrate the expected excess risk of cancer, malformations or prematurity. Subjective problems may be more common but are commonly discounted as being too subject to bias by the complex socioeconomic factors which usually operate. It is difficult to characterize the full range of single chemicals and chemical combinations to which the population is exposed in most waste sites. The exposure dosage is usually unknown, and the expected illnesses, given low exposures by unverified routes, are poorly specified. Thus the classic task of epidemiology is made difficult under these circumstances. In this presentation, I will explore some other potential roles for *California Department of Health Services, 2151 Berkeley Way, Berkeley, CA 94704. epidemiology as it relates to environmental chemicals. I shall argue from analogy by exploring the familiar roles for epidemiology in infectious disease, using these roles as a paradigm for possible roles in environmental settings.
I propose to divide the activities of infectious disease epidemiology into five categories: (1) delineate the dynamics and determinants of the natural history of disease; (2) characterize the range of clinical presentations of various stages in the natural history of disease; (3) provide information regarding the magnitude of infectious disease problems with and without intervention so as to guide allocation of resources for cure or prevention; (4) The second principle is to attempt to obtain a complete census of the affected population to establish a sampling frame and to create a roster for potential future study through death clearance or cancer registry clearance studies.
Third, we are experimenting with quick openended questions about odor and family health problems as well as a telephone number for future contacts or more detailed study. We wish to validate this approach with more structured follow-up questionnaires to assess the sensitivity and specificity of this open-ended approach. Our suspicion is that it will pick up the majority of problems which are salient enough to have entered the consciousness of the community.
A fourth principle is to maintain the confidentiality of individuals while giving the community a better picture of its own aggregate health status. Even a simple census of a household may convey information about marital or nonmarital relationships which are the business of nobody but the respondent. We have handled this problem by having respondents fill out simple census forms and questionnaires and sealing them into an envelope which is then returned to the Health Department either directly by mail or through volunteers or field staff.
The fifth principle is the importance of obtaining a control group using the same survey instrument. Both the community and even epidemiologists have little insight into the expected response rate among those not exposed. For The objective of all this activity is to have contacted all potentially affected individuals and some appropriate comparison group, to identify any complaints which occur with excess frequency in the exposed group and which problems are not in excess. Finally, it should build the foundation for the possibility of future, more in-depth investigation, if that is necessary. One component of further investigation would be methodological, to follow a community over a period of time to document how newspaper coverage, political events and other factors influence the frequency of reported symptoms. In short, to help discriminate between the natural history of chemically induced problems and the natural history of psychosomatic problems created by the uncertainty, fear and stress of these situations.
Another major role for epidemiology mentioned in the list above was providing information regarding the magnitude of health problems with and without intervention to guide allocation ofresources for cure or prevention. This boils down to providing a sense of proportion for the likely range of added risk. Epidemiologists have access to census data or even simple aerial photographs to assess the number of individuals exposed to any one particular hazardous waste site or even to those exposed throughout a geographical region, a county, a state. Death certificates, birth certificates and cancer registries provide population-based data which make it possible to estimate the expected number of significant health-related events in any population and whether there has been any obvious trend over time. Special surveys for liver and renal disease over time are also possible. The recent review of the literature relating to trends in cancer incidence and mortality by Doll and Peto (1) is a good example of such an exercise. These authors emphasize the importance of establishing exposed cohorts to carry out death clearance studies and the organized capability of carrying out intermittent casecontrol studies using population-base controls to look for environmental and occupational causes of the most common cancers (1).
Another major role for epidemiology has to do with characterizing the range of clinical syndrome associated with hazardous waste site exposures. Up to now, we have tended to focus on potential DNA damage from some of the chemicals known to be present at the site. In any short period of time, however, the incidence of cancer or congenital malformations would be too small to be studied in most neighborhoods near sites. In larger populations, one could look for excesses in specific kinds of cancer or kinds of malformations or could look for patterns in which several types of abnormality tended to move upwards in incidence together.
Complaints regarding hazardous waste disposal sites in our experience tend to be about headache, nausea, eye irritation, sinusitis, skin problems, infections and allergies. There is a temptation to think of these as psychosomatic or as hypochondriacal. However, I think it behooves us to take even the subjective symptoms seriously and to look at them not only separately, but to subject our data to techniques like cluster analysis and principle components analysis to see if patterns of simultaneous symptoms differ for exposed groups and unexposed groups. There we are using techniques from biological taxonomy (2) and which had been used in the epidemiology of colitis (3) and other poorly understood syndromes to see if the complaints we are receiving constitute any recognizable syndromes. The final role for epidemiology which I would like to discuss has to do with delineating the dynamics and determinants of the natural history of disease. The paradigmatic model for infectious disease might be presented as in Figure 1 . The model reminds us of a difference between the clinical and epidemiological perspective on disease. Instead of focusing on the classical full-blown clinical symptomatic presentation of the disease, we are aware of the series of stages through which a population can pass, including presymptomatic infected states, presymptomatic infectious, symptomatic, disease free with immunity or without, carrier stages and permanent disability and death. The characteristic objects of the epidemiological study of this dynamic system are: the incidence in each state; the distribution of durations in each state; the magnitude of the influence of determinants of incidence and duration. Thus, quite aside from determining the cause of gonorrhea, the epidemiologist may be interested in establishing the probability that a presymptomatic patient with gonorrhea enters into the carrier state, or he may be interested in the duration of the presymptomatic infectious period and what implications this has for strategies of gonorrhea control. Similarly, he may be interested in the impact of treatment, nutrition, social habits and environmental factors in the incidence and duration of the various stages. What anaolgies can we make to do the study of the dynamics of health problems related to environmental chemicals? Figure 2 shows an example. The model shows us that there are presymptomatic phases of health problems related to chemicals. Some of these may be associated with measurable body burdens of chemicals; others may be characterized by altered biochemistry or physiology; still others may be undetectable by present means. There are a number of questions about duration of states which should be attracting our attention. For these questions implies structuring cross-sectional studies so that answers of persons with varying residential duration can be compared. It also implies the necessity of follow-up studies.
There are a number of questions which relate to incidence as well. What is the incidence of altered biochemistry and physiology in the face of continued low-level exposure? Given an altered biochemistry or physiology, what is the incidence of symptoms or a permanent dysfunction?
Assessing the risk of recognized illness among persons with physiological or biochemical changes is a problem whose structure is familiar to the epidemiologist, used as he or she is to assessing screening tests in cardiovascular disease or in cancer. A number of classes of preclinical tests are being proposed to assess environmental exposures (4) One might also consider prospective studies of Navy or Army recruits or of large numbers of individuals in two different kinds of industries looking for the stability of the RIA and DNA damage tests with follow-up and prognosis.
In short, there are more roles in epidemiology in this field than the mere documentation of the presence or absence of excess morbidity or mortality among those persons exposed to environmental chemicals. There are the important public health functions of rumor abatement setting a general sense of perspective. There are scientific goals of characterizing the range and clusters of symptoms which are related to the exposures, and for studying the dynamics and determinates of the natural history of conditions related to chemical exposure. These descriptive scientific activities provide information useful both to prognosis and policy.
